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Greetings from the Centre of Excellence in Environmental Economics at Madras School of 

Economics, Chennai. This is the fifth issue of the bi-annual newsletter GREEN 

THOUGHTS from the Centre. Over the past six months several projects have been 

completed at the Centre and significant progress have been made in the on-going projects. 

The Newsletter summarizes the research activities at the Centre and provides a glimpse of the 

research output.

In view of the increasing threat to the elixir of life – the vital resource Water through both 

natural and anthropogenic sources, this issue of GREEN THOUGHTS focuses on the 

policy options and valuation methods that could be applied in decontaminating water and 

wastewater, respectively. Dr. Zareena Begum I of MSE in her article, “Arsenic 

Contamination in Water: Mitigation and Policy Options” summarizes on different policy 

options that could be explored to mitigate the effect of arsenic contamination 

. Dr. Sukanya Das of MSE in her article, “Valuing the Wastewater 

Sector: A Review” discusses on the application of economic instruments and the various 

valuation methods adopted in wastewater sector.

An introduction to "Water Footprint" has been compiled by Dr. Zareena which provides an 

insight on water use in relation to the consumption of goods – ‘Water Footprint’. Ms. Nithya 
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India is presently embarking upon a major reform of indirect taxes. The current 

system taxes goods and services separately where goods are taxed by both the 

central (CenVAT) and state (State VAT) governments with overlapping tax bases 

and taxation of services (barring a few) are with the centre (service tax). This 

system is characterized by certain inadequacies which include cascading between 

central and state taxes and also between goods and services, multiple tax rates 

and inter-state sales tax that fragments the all-India market. The proposed 

Goods and Services Tax (GST) by integrating taxes like CENVAT, State VAT, 

service taxes and a host of other taxes into a single tax with a uniform rate across 

goods and services aims at eliminating cascading and other inadequacies present 

in the current system of taxes. 

The need for environmental taxes (eco-taxes) on polluting inputs and outputs 

over and above the core uniform GST rate arises from the fact that many 

polluting goods are currently taxed at a higher effective rate (taking both the 

centre and the state taxes). However, the uniform GST will bring down the 

effective tax rates on these goods and would not differentiate between polluting 

and non-polluting goods. This could lead to more pollution. Hence, it is 

important to integrate environmental considerations into the GST regime to 

usher the economy onto low carbon high growth path.

The Centre has submitted the final report on the project, "Coping with 

Pollution: Eco-taxes in a GST Regime – A Discussion Paper" to the Ministry of 

Environment and Forests in November 2010 after incorporating the 

suggestions made by external expert, the Ministry and the CPCB along with a 

brief discussion on the constitutional and legal aspects related to GST. The 

report was prepared by Dr. D.K. Srivastava, Dr. K.S. Kavi Kumar and Dr. C. 

Bhujanga Rao.

As part of a more detailed exercise on the same subject with funding support 

from the British High Commission, the Centre has been working on assessing 

the international best practices with regard to the environmental taxes and 

estimating the economic and environmental effectiveness of eco-taxes through 

an integrated economy-wide modeling framework. The project team 

comprising Dr. D.K. Srivastava, Dr. K.S. Kavi Kumar, Dr. Bodhisattva Sengupta, 

Dr. Savita Bhat, Mr. Subham Kailthya, Ms. Ishwarya Balasubramanian, and Ms. 

Devangana Jha has published the first technical paper of the project, ‘Economic 

Instruments for Environmental Management: International Best Practices and 

Applicability to India’, as MSE Monograph in December 2010. The remaining 

three technical papers are in progress and will be published by May 2011.

Trade and Environment

The Centre has completed its second project on trade-environment inter-linkages 

with its focus on the Textile sector. The textile project addressed among other things, 

(a) national and global supply chains of textile sector; (b) environmental standards of 

various importing countries and the Indian exporters’ preparedness; (c) comparative 

advantage of India in various sub-sectors of textiles; (d) scope and feasibility of 

technological changes in textile processing; (e) economy-wide impacts on trade and 

welfare of complying with environmental standards by Indian textile sector; and (f) 

emerging issues such as spread of genetically modified organisms in cotton 

production. The draft final report of the textile project has been submitted to the 

Ministry in January 2011. The project team included, Dr. K.S. Kavi Kumar, Dr. 

Zareena Begum and Dr. Sukanya Das. Dr. G. Badrinarayanan, Centre for Global 

Trade Analysis, Purdue University and Dr. E. Kannan, ISEC, Bangalore have served 

as consultants to the project.

Trade and Environment: India’s Exports of Textile and 
Textile Products and Environmental Requirements
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Pollution has pervaded economies all over the world and is an intrinsic aspect of any 

production-consumption process. In developing economies, intensive 

industrialization in the last two decades has also contributed significantly towards 

pollution. The additive effect of population explosion and poverty has led to rapid 

depletion of the environmental resource base and environmental degradation. The 

pollutants released by the various anthropogenic activities contaminate air and water, 

exceeding WHO safety limits and thereby making it unsuitable for usage. 

Pollution is intensified when a bourgeoning population has to be supported 
indefinitely with only a finite quantity of natural resources. To minimize pollution, its 
impact on the physical environment, it is imperative to analyze and estimate the costs 
incurred from pollution. Hence a meta-analysis is carried out to provide macro-level 
estimates of pollution costs. This study focuses on two mediums of pollution, 1) Air 
and 2) Water: It attempts to capture the costs of air pollution and water pollution 
incurred in India.

The rationale for this study is that there is a necessity to quantify and provide 
monetary valuation of environmental costs and benefits. This monetary valuation 
puts the consequences of pollution in a better perspective: when environmental goods 
and services are expressed in the terms of money, a common denominator of value, it 
simplifies our understanding of pollution and helps in valid comparisons. 

The use of meta-analysis (first proposed by Glass in 1976) overcomes the challenge 
posed by the dearth of statistics and the subjective nature of pollution costs. Meta-
analysis integrates the results from several independent studies with the objective of 
addressing a common research hypothesis. In cases where meta-analysis is not feasible, 
the cost function will be arrived at by aggregating two or more studies. Technical and 
policy measures will also be identified and assessed in terms of the benefits and costs of 
each identified measure. 

The study is expected to substantiate the significance of calculating pollution costs 
from all available sources. The resulting clarity provided by comprehensive estimation 

should persuade policy makers to adopt cost-effective measures to combat pollution. 
The project team includes Dr. Zareena Begum, Dr. Sukanya Das and Ms. Anjali.

Economy-wide impact of pollution in India: Meta Analysis 

New Projects

In the run-up to the Rio+20 conference of the United Nations on Sustainable 
Development 2012, a lot of attention is being paid to the notion of ‘Green Economy’. 
One of the conference themes is on, ‘green economy in the context of sustainable 
development and poverty eradication’. The UNEP is soon likely to bring out ‘The 
Green Economy Report’ (GER) that synthesizes the research done as part of the 
Green Economy Initiative. Despite being a multi-country initiative, there are 
apprehensions that the UNEP report still reflects the ‘carbon-centric’ approach to 
green economy and hence may not clearly articulate the perspectives of countries like 
India. It is in this context it appears important to reflect on what should be India’s 
perspective on green economy. Given the urgent development priorities it is 
important that the Indian perspectives on green economy must integrate the social 
and equity issues with the environmental issues. 

Against this backdrop the Ministry of Environment and Forests has asked the Madras 
School of Economics (MSE) to prepare a base paper on green economy to serve as 
background material for formulating India’s stand during the Rio+20 conference and 
subsequent international deliberations on this important topic. Dr. K.S. Kavi Kumar 
is coordinating the work with support and inputs from Dr. U. Sankar and 
Dr. D.K. Srivastava.

Base Paper on Green Economy

Recently Completed Projects

“Green Buildings and Green Cities – part of UNEP initiative on Green Economy 

Report”, funded by UNEP/LSE. The project started in October 2009 and completed in 

December 2010. Dr. Brinda Viswanathan served as the principal investigator of the 

project with assistance from Ms. Ishwarya Balasubramanian.
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Arsenic Contamination in Water: 
Mitigation and Policy Options

Introduction

Global distribution of arsenic contamination

The continuing growth in global population is increasing demand for fresh water and 
placing a severe strain on water supplies. One of the reasons for the increase in water 
scarcity is the reduction in usable supplies through water quality degradation, which 
reduces the amount of fresh water available for residential, agricultural and  industrial 
uses. Despite recent efforts to mitigate this problem, human populations continue to 
face a substantial risk from water quality problems in many parts of the world. Water 
degradation resulting from toxic and cumulative pollutants such as arsenic is a major 
water quality  issue  that  is  receiving  increased  attention.  Arsenic contamination 
has  recently  received worldwide attention because of the nature of its health effects. 
The problem is severe in South Asia, particularly in Bangladesh and eastern parts of 
India, where the impacts on water quality and public health are seen in disastrous 
proportions. Arsenic enters water supplies through various pathways that are both 
natural and anthropogenic in origin and is often cumulative in nature. This makes it 
difficult to develop appropriate policies. One issue that is often debated is the level of 
standard to enforce. While the World Health Organization (WHO)  suggest a 

-1standard of 50 micrograms per litre (mg l )  (WHO, 1993), scientific studies advise a 
much lower value of 10 ppb (WHO, 1999). The Environmental Protection Agency 

-1 (USEPA) enforced a limit of 50 mg l for arsenic in drinking water (Viessman & 
-1 Hammer, 1998) but changed it to 10 mg l in 2001. Given the public health concern 

and water quality impacts, the study of arsenic contamination and evaluation of this 
problem globally can be useful in studying comparative mitigation opportunities and 
developing policy options.

Arsenic contamination is severe in several developing countries. For example, the 
distribution of arsenic contamination in Bangladesh is presented in Figure  1(a).  In 
the worst case of arsenic contamination, about 35 million people in this country are 

exposed to arsenic levels that are above the US Environmental Protection Agency 
standards.  The problem of arsenic contamination of the groundwater in Bangladesh 
was identified in 1993, but it did not get proper attention until very recently. By this 
time more than 30 million people were impacted and as many as 70 – 80 million 
people are threatened by arsenic contamination. Exploitation of groundwater from 
deeper aquifers has resulted in mobilization of the arsenic and led to mass poisoning, 
which is defined by the generic term arsenicosis. A higher concentration of arsenic 
contamination is observed within the deltaic and floodplain region of Bangladesh 
(Islam & Uddin, 2002). A 1998 estimate showed high arsenic concentrations in 
shallow tube wells in 61 out of 64 districts of Bangladesh; 46% of the samples were 

-1 -1above 0.010 mg l and 27% were above 0.050 mg l  (BGS & DPHE, 2001). In the 
Pabna district of northern Bangladesh, the pumped groundwater had an exceptionally 

  
-1high arsenic concentration of 14,000 mg l (Rott & Friedle, 1999). The problem is also 

prevalent in other developing countries such as India, China, Vietnam and Laos. 

Fig. 1. Arsenic contamination in developing and developed nations.

Source : Ravenscroft (2003)                                  Source Ryker (2001)
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The arsenic-rich groundwater is mostly restricted to the alluvial aquifers of the 
Ganges basin (Bihar, Uttar Pradesh and West Bengal) in India (Nickson et al., 1998). 
In the state of West Bengal in India, the groundwater in 9 out of 18 districts has high 
levels of arsenic contamination. The tube wells in West Bengal contained arsenic 

  
-1 -1concentrations ranging from 60 mg l to 3,700 mg l . Various types of adverse health 

effect including cancer which are often associated with prolonged exposure to arsenic 
have been reported in these districts (Acharyya, 1999). The pandemic of arsenic 
poisoning (arsenicosis) due to contaminated groundwater in West Bengal, India, has 
been thought to be limited to the deltaic region of the Ganges River. A recent study 
conducted in the Middle Gangetic Plain showed that 56.8% of this area exceeded 

  
-1 -1arsenic concentrations of 50 mg l and 19.9% of the area exceeded 300 mg l , the 

concentration producing the overt arsenical skin lesions observed in the state of Bihar 
(Chakraborti et al., 2003).

In general, the contamination is not severe in most developed countries compared 
with that of developing countries. In the US, experts are of the view that only a few 
water supplies have levels of arsenic above 50 ppb and  even  the  number with levels  
above the  standard of  10 ppb are  easily manageable (Focazio et al., 1999). A study 
has demonstrated that less than 1% of water systems exceed an arsenic concentration 
of 50 ppb (Foust et al., 2004). Concentrations of arsenic in Atlantic Canada are 
generally low, and have a maximum allowable limit of 25 ppb. 

The discrepancy between observed levels of arsenic in water and the optimal level is 
distinct in several countries, particularly in developing countries such as Bangladesh. 
The damages are also considerable as is evident from a clear correlation between 
contamination and arsenic-related diseases in humans. The standard marginal 
abatement cost (MAC) – marginal damages (MD) framework is used in the present 
study to evaluate alternative policies. Optimal conditions and the relationship 
between marginal abatement and marginal damage curves are presented in Figure 2. 

tThe triangular area m (bounded by points e , e* and the marginal damage function) 
depicts the total damages existing when emissions are at level e*, while the triangular 
area n shows the total abatement costs at this level of arsenic emissions. The sum of 

Policy Options

the two areas (m + n) is a measure of the total social costs resulting from e* level of 
emission of arsenic pollutant.

The point e* is an optimal point at which marginal damages equal marginal abatement 
tcost. Marginal damages have a threshold at emission level e , while the uncontrolled 

uemission level is e . The marginal damages increase with an increase in arsenic 
emission while marginal abatement costs increase with the removal of arsenic 
exposure. In the following sections, the exploration of various policy options to 
achieve efficient levels of arsenic abatement within the MAC – MD framework as 
shown in Figure 2.

Fig. 2. Efficient level of arsenic emission.

Centralized treatment is not always a feasible treatment option in most locations. 

Instead of this, point-of-entry (POE) or point-of-use (POU) treatment options may be 

acceptable treatment alternatives, which offer ease of installation, simplify operation 

and maintenance, and generally have lower capital costs (Fox, 1989). The Safe 

Drinking Water Act in the USA also identifies POE and POU treatment units as 

Innovation in Technology
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potentially affordable technologies. Research has shown that POE and POU devices 

can be effective means of removing arsenic from potable water (Fox & Sorg, 1987; 

Fox, 1989). Among potential treatment techniques, cost effectiveness is an important 

criterion that needs to be considered in addition to technical efficiency.

The technologies that have comparative (economic and technical) advantages are 

considered for the discussion in this paper. Current technologies that are able to 

reduce the levels of arsenic include ion exchange, membrane filtration, reverse 

osmosis and various precipitation processes. An economic study done for the EPA has 

shown that the acquisition cost of individual reverse osmosis units is lower when 

compared with a centrally located treatment system (Kubr, 2002). Annual abatement 

costs per ppb of arsenic for reducing from 50 ppb to the new standard of 10 ppb in a 

community water system of size 100 and a community water system of size 500 are 

presented in Table 1 (USEPA, 2000a, b). 

On the consumer side, per capita cost for the removal of arsenic per annum is around 

US$18.17 and $8.25 for small and medium community water systems, respectively, 

where lime soft technology is adopted. The cost is higher using reverse osmosis 

technology, to the tune of US$108.05 and $128.67 for small and medium community 

water systems, respectively. The cost is higher in other technologies such as 

coagulation, anion exchange, filtration and activated alumina. It is apparent that the 

additional household cost, particularly for low-income groups, to meet the new 

arsenic standard in drinking water by adopting these technologies would be high. For 

people on very low incomes, the cost could be partly shared by the community 

governing body or by the state government.

A technology policy that is oriented towards reducing marginal abatement cost 
through appropriate technology (for example reverse-osmosis) to mitigate arsenic 
contamination could be adopted. Figure 3 depicts the role of innovation in technology 
for arsenic  emission abatement. For instance, POU reverse- osmosis arsenic 
reduction technology shifts the marginal abatement cost function from MAC to 1 

MAC . This leads to a reduction in arsenic exposure from a  to a . It could also lead to a 2 1 2

decrease in the total abatement cost of arsenic exposures. The presence of additional 
contaminants can raise additional treatment concerns and result in decreased process 
performance. For example, pathogenic contaminants such as Giardia can result in a 

Table 1.            Abatement cost of arsenic treatment technologies

Abatement technology Removal efficiency

(%)

 Abatement cost/ppb 
 (US$)*

Community size

 Abatement cost/capita
 (US$)*

Community size

  <100  101-500       <100       101-500

Modified lime softening technology 90 45.43 103.10 18.17 8.25

POU reverse osmosis technology >  95 270.13 1,608.33 108.05 128.67

Anion exchange 95 535.05 879.18 214.02 70.33

Coagulation 95 1,728.08 3,339.33 691.23 267.15

Oxidation filtration 80 467.25 748.93 186.90 59.91

Activated alumina (pH 7) 95 300.88 647.45 120.35 51.79

Activated alumina (pH 6) 95 491.83 867.65 196.73 69.41

Source: estimates based on USEPA (2000a, b).
* Abatement cost is the cost based on reduction in arsenic concentration from 50ppb to 10ppb. 
The abatement cost includes annual capital cost and operation and maintenance cost.
† Abatement cost per capita is the consumer cost for arsenic removal per annum.
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need for disinfection of finished water. Hence selection of treatments that reduce 
additional contaminants would generate additional benefits from the treatment 
technology.

Incentive-based Policies

Taxing and subsidizing polluting firms are other policy instruments that could be used 

to mitigate arsenic contamination. Young & Karkoski (2000) observed that economic 

incentives are practical in controlling non-point source pollution in California. These 

policies penalize (reward) non-compliance (compliance) with environmental 

standards. For instance, a polluting firm is used for discussion in this section. A tax 

policy provides appropriate incentive for the polluters to comply with desirable arsenic 

levels. Suppose the firm is initially emitting 50 ppb and if it were to cut emissions to 10 

ppb, it would face higher abatement costs. It could continue reducing arsenic 

emissions through inventing new techniques as long as the tax rate is above marginal 

abatement cost. In such cases, the marginal cost would increase from a lower level of
l C (Figure 4). Since the total cost of the firm includes not only abatement cost but also 

tax payments, it would be prudent for the firm to enhance the abatement cost to the 

desired level till it is equivalent to the tax rate (t*). Otherwise total cost would escalate 

through tax payments. For the firm, the tax rate (t*) would be a better signal to make a 

decision on whether to comply with the tax or disregard it by continuing to emit 

arsenic. The benefit would be the improvement of water quality through reduction in 
h marginal damages. The marginal damages reduce from a higher level of D to the level 

of the tax rate (t*). As is apparent from Figure 4, the total damages are reduced. At the 

undesired level of emission, the damages are represented by triangle, acd, while at the 

new acceptable level of emission, the damages are represented by abe*. If the point 

source of arsenic emission is distinctly known, taxing policy could play a pivotal role in 

mitigating the arsenic exposure to the most efficient level.

The tax rate (t*) could be set to achieve e* (efficient level of arsenic emission) where 

marginal damages equal marginal abatement costs. Instead of having a “flat tax” 

which allows more tax payment than other costs, a two-part emission tax on arsenic 

could be instituted to allow a certain degree of leverage by firms. Up to 5 ppb emission 

of arsenic could go untaxed; the firm could be taxed for emissions in excess of this 

threshold. In this two-part emission tax policy, tax payment would be reduced while 

the firm continues to have an incentive to reduce emissions to e*.

Fig. 4. Taxing policy. 

Fig. 3. Innovation in arsenic abatement technology.
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A subsidizing policy can be used to reward reduction in emissions (Field, 1994). This 

policy is similar to taxation but the transfers are to polluters to help mitigate emission 

levels. While a subsidy policy tool can be implemented to reduce arsenic emissions, it 

provides an opportunity cost for the polluters. There are various  subsidy schemes that 

could be used in pollution reduction. Those include cost-sharing technological 

investments, direct payments for abatement, and tax benefits through reduced 

property taxes. While tax and subsidy policy instruments are effective in abating point 

sources of arsenic contamination, these are also applicable to other non-point sources 

of arsenic pollution.

In developing nations such as Bangladesh and India where population growth is high 

and the arsenic contamination in groundwater is greater, lack of awareness of 

pollution or lack of self-protection efforts could enhance the problem through higher 

exposure and higher damages. For example, self-protection efforts could include 

avoiding consumption of water from contaminated wells, small-scale community 

treatment, and locating wells away from endemic arsenic deposits or industrial sites.

The impact of self-protection efforts can be observed in Figure 5, where marginal 

damage at e is v and the total damages are the area enclosed by abe. While marginal 1  1 

damages can decrease to v under self-protection, emission levels can increase to e . 2 2

The total damages (area enclosed by cdf) could be reduced, if an educational policy is 

in place to make consumers aware of the damages and adverse effects of arsenic 

contamination. Such a policy could be oriented towards abandonment (avoid 

drinking arsenic contaminated water), curbing excessive withdrawal of water from 

arsenic safe aquifers and cooperation in periodic testing of groundwater. The policy  on  

education could be a kind of “moral suasion”, a decentralized policy that appeals to a 

person’s moral values or civic duty, to voluntarily refrain from doing things that 

Self-protection as a policy

degrade the environment through arsenic  contamination. Chakraborti et al. (2003) 

observed a poor response to combating the level of arsenic in groundwater, especially 

in areas with low- income groups and poor education levels.

Fig. 5. Self-protection efforts.

In sum, policy priorities to reduce the risk of arsenic contamination in water are 

necessary to achieve efficiency. Education policy coupled with technology policy 

would be the first priority for enforcement at the point of entry or point of use level. 

While considering monetized and qualitative benefits and the enforcement  costs, the 

incentive policy of taxing and subsidizing would be the last option to abate arsenic 

emissions at source.

Policy instruments need to be enforced through appropriate institutional reforms. 

Narain (1998) argued for a greater interface between policy and technical 

communities, and coordination among the institutions engaged in managing natural 

resources, especially groundwater. Secondly, there still exists uncertainty and lack of 

complete research on arsenic contamination. Information dissemination and 

Conclusion
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transparency  in  management  among  the  stakeholders is  very  important  to  

address  this  problem effectively. New information on technologies and success 

stories can be shared through the Internet and multimedia. Education is a better tool 

to alert and make people aware of the risks of arsenic. 

Low cost technologies that can achieve efficient abatement levels have scope in 

developing countries. The choice of the most economical treatment technology can 

be based on an efficient level of arsenic abatement. When command-and-control 

policies are not successful, taxes or subsidies associated with arsenic emission could be 

used to create positive incentives for arsenic abatement. The discussion in this article 

shows that education policy and informed self-protection measures can be used as 

effective means of achieving reduction of damages from arsenic contamination. 

Proper education and awareness-raising can serve the role of moral persuasion to 

improve awareness of the threat of arsenic to groundwater. Although marginal 

damages to society decline through  education and information on self-protection, 

arsenic emissions could continue to increase. To mitigate this, integrating education 

policy with low cost technology can be more effective. 

Contingent valuation studies of wastewater in developing countries

Study                 Method                          Valuation

Wastewater 
treatment 
benefits in 
Costa Rica by 
Barton(1999)

CV in three coastal urban 
and rural sites  of 840 house 
holds asking  for WTP across 
sites, and noting how 
helpful a priori information 
on those predictors is to a 
practitioner in a ‘field 
situation’ involving a 
different transfer context.

S t a t i s t i c a l  t e s t s  o f  t h e  
transferability of the benefit 
function between study and policy 
sites are relatively strict in terms of 
the small magnitude of error 
‘allowed’ in predicted WTP before 
a transfer is rejected.

Average amount of 5189 Greek 
drachmas every four months as an 
incremental increase in water rates 
matches the funding required to 
fully operate the plant. Those WTP 
there was a complex combination of 
consumer and citizen modes of 
cognition, linked to self-identity 
and pride in the city as well as moral 
and ethical concerns, determine 
individuals’ attitude to the water 
quality improvement scheme.

In both scenarios, WTP is more 
than double the price that they are 
currently paying. The  poor 
households give great value to 
securing reliable services, while 
more wealthy ones who tend to 
enjoy better services, are WTP 
h i g h  a m o u n t s  t o  a v o i d  
deterioration

Water supply  
in Mexico by 
Oca et al(2003)

CV survey asking 1424 
households testing two 
scenarios, 1)to maintain 
2)to improve the service

Operation of the 
WWTP, leading 
to improvements 
in the water 
quality of 
Thermaikos, 
Greece
by Kontogianni
 et al. (2001)

CV asking 466 individuals  
their WTP for 
improvements in the water 
quality of Thermaikos Bay 
due to operation of the 
WWTP

Source: Markandya and Murty(2004)

1985 to bathing quality 4021.1 32

1985 to 1995 quality 797.7 5

Simulated to bathing quality 3986.5 33

Simulated to actual 1995 quality 832.3 6

Change in water quality level        Non-user benefits    User benefits

Aggregate WTP to pay for changes in the 

Ganges water quality(Rupees million at 1995-96 prices)
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Introduction

As urban populations in developing countries increase, and residents seek better living 
standards, larger amounts of freshwater are diverted to domestic, commercial, and 
industrial sectors, which generate greater volumes of wastewater. Commonly 
wastewater is discharged with little or no treatment in natural water bodies, which can 
become highly polluted. With urban water use, only 15–25% of water diverted or 
withdrawn is consumed, the rest being returned as wastewater to the urban hydrologic 
system. 

Industrial countries use two different modes to finance wastewater treatment 
facilities(Bartone.,1995). These countries set universal environmental standards and 
then raise the funds necessary to finance the required investments but this approach is 
expensive and financially infeasible, even in the richest countries of the world. In UK 
the target rate for compliance with the water quality standards of the EU is being 
reviewed as customers’ bills rise to pay the huge costs involved(more than $60 billion 
this decade). A few countries have adopted a different model, establishing river basin 
institutions to ensure broad participation in setting standards and making tradeoffs 
between cost and water quality, and to promote economic incentives for encouraging 
users and polluters to reduce the adverse environmental impacts of their activities. 
Various river basin management models are used to raise the resources for wastewater 
treatment and water quality management from the users and polluters, and the 
stakeholders are involved in deciding the level of resources to be raised and the 
consequent level of environmental quality they wish to purchase. 

Economic instruments in the field of wastewater sector, mostly monetary, measures 
with the objective to raise revenue to help finance wastewater services, to provide 
incentives to use water efficiently and carefully, to provide disincentives for the anti-
social release of polluted wastewater, to make the polluter pay for the environmental 
damage done, and to raise awareness on the environmental and societal costs of water 
use and wastewater discharge. The most common economic instruments used in 

wastewater management are the pricing of wastewater services and levying of charges 
for wastewater discharge into the environment 

Various economic instruments are being applied in wastewater management with the 
aim to pursue one or more of the above mentioned objectives:

Pollution charges: In many countries charges are imposed for discharge of treated and 
untreated wastewater into the environment. These charges are mostly levied upon 
discharge of effluents from treatment plants and industry.

Fees for wastewater services / user charges: Fees or user charges are directly charged to 
users of wastewater services upon connection to and discharge of wastewater into the 
sewerage system. For households, volume of discharged wastewater is directly related 
to the consumption of potable water. Consequently, the fee is usually collected as a 
surcharge on the water consumption bill. 

Other economic instruments in wastewater management include:

Indirect local taxes: Local governments may impose indirect taxes to generate revenue 

directly for the financing of wastewater systems. In general, these are levied only on 

properties with access to the sewer system, in which case the surcharge is actually a 

variant of the user charge. The limitation of this surcharge is that it depends on the 

performance of the property tax system, which is usually not (well) developed in low-

income countries. In many countries, the money collected from wastewater discharge 

is not always earmarked for water infrastructure. 

Discharge permits: Discharge permits may also be a tool for controlling pollution and

raising revenue. In this approach, a responsible authority sets maximum limits on the 

total allowable emissions of a pollutant to a sewer or to the surface water. According to 

this limit discharge permits are issued. In the discharge permit, the charges or levies 

can be incorporated for cost recovery purposes. Tradable discharge permits can give 

polluters more flexibility in investment and operation of wastewater management 

systems.

Towards sustainable wastewater management
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In order to sustain any potential waste treatment process it is necessary that the 
financial support does not depend exclusively on public funds. Policy-makers search 
for goals like reducing the  pollutants by sound wastewater treatment and disposal for 
protecting eco-systems value and services, providing a high quality water source to 
replace other sources resulting in more security of water supply, finding a benefit in 
waste water treatment for irrigation It is the most crucial aspect for the policy makers, 
as they have to optimally mix the financial and social aspects, as the society is a group 
of rich as well as poor households and these public services are meant for all. 

Proper wastewater treatment is recognized as an indispensable instrument for 
combating waterborne microbial diseases and infections, as well as an appropriate 
means for expanding through water recycling and reuse. Municipal effluent 
economics is no doubt a complex problem(Krawczyk, 1999). What makes it 
particularly difficult to model, and makes this exercise different from agricultural 
effluent modelling, is that the municipality of agents is concentrated on a small area.

Pollution tax in the perspective of wastewater disposal can be denoted as the price the 
polluter has to pay for using the wastewater disposal services of the environment. As 
there is no wastewater disposal market so the price cannot be determined in the 
market and the supply and demand schedules fail to get observed. However under the 
property right regime to the environmental resource, environmental regulation by the 
government or the public can make the polluter liable to pay the price for the disposal 
of wastewater. The polluter here pays the price which incorporates the cost for 
environmental regulation. So we can consider the MCA(Marginal cost of abatement) 
as the demand price for the disposal of wastewater. 

There involves an opportunity cost or damages by the public by allowing pollution. 
The supply price of wastewater disposal is the price charged to the polluter by the 
government or public for every unit of waste disposal. Figure 1 describes the supply 
curve of wastewater disposal as the rising MD(Marginal Damage)or supply price with 
respect to the pollution loads. E’ and E” stand for pollution load with and without tax 
instrument. We impose a pollution tax, t. When the polluter is incorporation a 
pollution abatement technology then maximization of welfare requires that the 
pollution should be reduced upto a level where MCA=MD. Thus when a tax per unit 

of pollution, t is imposed on the polluter, he has an incentive to reduce it to an optimal 
level E’. So either he have to pay a tax of an amount E’BCE” or he have to reduce it to a 
level E’. 

Figure 1: Pigouvian tax-subsidy framework for water pollution

Where, for facility i and pollutant j, P  is the discharge factor, W the total wastewater ij i

discharge, C  the pollutant concentration, C  the concentration standard, L  the total ij sj ij

levy, L  the fixed payment factor, T the regulatory threshold parameter, R  and R  are 0j j 1 2

charge standards with R >R ; and for continuity, R T= L +R T.2 1 2j j 0j 1j j

For each polluter, the potential levy L is calculated for each pollutant. The firm’s j

economic problem is to adjust the production process and end-of-pipe waste 
treatment. A cost minimized firm will thus consider all pollutant charge standards(R), j

payment thresholds(T), process pollutant intensities, and abatement cost functions.j

Wang et al (2005) have calculated the levies on wastewater discharges

Source : Murty (2002)
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Fraas and Munley(1986) studied the cost of control for conventional pollutants at 
municipal wastewater treatment. Empirical estimates of the effect of performance 
measures as well as the flow size of the waste stream were obtained for both the capital 
and the operation and maintenance costs. Costs rise sharply beyond secondary 
treatment so that further cleanup can be warranted where comparable benefits can be 
realized.

The local government(municipality) knows the required environmental standards the 
quality of water has to satisfy, and can legislate the introduction of economic 
instruments. They can also legislate taxes to gather funds for the effluent abatement at 
the plant. Some of the economic instruments in the field of water pollution are-
pollution charges, marketable permits, subsidies, deposit-refund systems, enforcement 
incentives. Brown and Johnson(1984) describe and assess Germany’s Effluent Charge 
Law(1976). Under this law the national government established a series of permits 
that detailed the allowable effluent levels and a set of charges based on effluent 
quantities and the quality of receiving waters.

Merrett(2000)points out the problem in assessing the impact of effluent charges. 
Many are introduced to fund government initiatives rather than to induce changes in 
behaviour on the part of the polluters. An additional source of complication is that 
many industrial effluent flows contain a variety of pollutants.

 There are many obstacles in modeling households’ demand for wastewater disposal. 
Firstly it is very rare for households sewage flows to be metered. Moreover residential 
sewage pricing is much more rare than water pricing(Dinar and 
Subhramanian.,1997). Even if the households decide on the quantity of wastewater to 
be emitted there exists the problem of modeling the demand for wastewater treatment. 
There is another factor that confounds the modeling and estimation of households’ 
demands for water disposal and so this is the question of whether there is evidence that 
households even consider their generation of wastewater(Cameroon and 
Wright,1990). In addition even if it is assumed that households do decide on the 
quantity of wastewater to emit and the types and quantities of contaminants to place 

Review of applied studies on wastewater management using various 
economic methodologies:

in that flow, there still exists the problem of modeling the demand for sewage 
treatment. It is specifically not clear what households would be demanding –simply 
the physical removal of wastewater or removal and some level of treatment? These 
various types of challenges shows the fact that why there are so few empirical models of 
households’ demand for wastewater disposal.

Haruvy(1998) on the other hand developed a general methodology for environmental 
policy decision making in relation to wastewater is and applied in an Israeli case study. 
It may include many factors such as the level of purification, the location of agriculture 
and the types of crops.

Renzetti(1999) attempts to estimate the relationship between municipal wastewater 
flows and economic factors. The purpose of study was to evaluate the pricing practices 
of municipal water supply and sewage treatment utilities in Ontario, Canada. Water 
and sewage utilities’ estimated cost parameters are combined with the estimate of 
residential and non-residential demands for potable water as well as an estimated 
aggregate demand for sewage treatment function in order to calculate approximate 
welfare losses that arise from under-pricing and over consumption.

Wang(2002)empirically tests pollution abatement efforts of Chinese industries in 
response to pollution regulations, especially the pollution charge instrument practiced 
in China. Cases of the expenditures of 1000 large and medium industries are taken into 
consideration. The result show that the elasticity of operation cost with respect to the 
pollution charge is about 65%, which is higher than the estimated elasticity of 27% for 
new investment in wastewater treatment facilities. Both the elasticities are less than 
one.

Earnhart(2004)showed the regulatory factors that shape the level of environmental 
performance at individual polluting facilities. The study examined the distinction 
between federal and state interventions and compares their effects on facility 
performance. Moreover it took into consideration the cases of the municipal 
wastewater treatment plants which are publicly owned entities in Kansas. It assumes 
that a municipal plant is to maximize utility associated with the benefits and costs of 
improved environmentally quality generated by increased treatment which is a 
contrast to the general objective of a firm which intend to maximize profits.
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Earnhart(2007) analyzes the effects of permitted effluent limits on compliance levels. 
In particular, it constructs and employs effluent limit-related regressors that measure 
the differences between the actual effluent limit level imposed on a particular facility 
for a given month and three benchmarks: federally-mandated standard for effluent 
limit level, a particular facility’s average effluent limit level over a specified period 
(e.g., entire sample period), and preceding monthly limit at a particular facility (i.e., 
transition to new limit). By examining the effects of effluent limit levels the study 
explores whether limit stringency affects compliance level choices.

Coming to the aspect of valuing wastewater, non-market valuation is appropriate in 
this context because most of the outputs, functions and services that wastewater 
management system can generate, are not traded in markets. Stated preference 
techniques elicit WTP directly by asking questions of the form ‘What are you willing to 
pay?’ It is necessary when the WTP information that is needed cannot be inferred from 
markets. Such studies gives us an idea of the common people perspective towards 
wastewater generation and their motivation for improvement in the level of water 
quality.

Kontogianni et al(2003)examines the case study of a WWTP in Thessaloniki, Greece. 
The CVM is used to examine the WTP of individuals to ensure the full operation of 
the WWTP, leading to significant improvements in the water quality of Thermaikos 
Bay. The average amount of a contribution amounting to 15.23 euro every four 
months as an incremental increase in water rates matches the funding required to fully 
operate the plant. Respondents who were WTP tended to believe in state investment 
for better water quality, and this in turn was predicted by motivations for moral 
reasons, future generations and general environmental improvements. Those who 
refused to pay consisted mainly of people who didn’t believe in state investment for 
better water quality, but still believed that if it was to be done, the state should pay.

Kantanoleon et al(2007) tried to evaluate the public’s perspective towards wastewater 
reuse through a pilot survey in Greece. The majority of the respondents were women 
(51.7%) and age varies between 31-45(70%). About 41% had a university degree with 
only 17% of them have graduate elementary school or been literate. There is a gap of 
knowledge which affects the public’s perspective towards wastewater nature, 

treatment and reuse. Information like quality and quantity of the produced 
wastewater together with cost analysis of the treatment process should be provided 
during the implementation of wastewater reuse application schemes. Trust is a factor 
that all people and agencies involved in wastewater treatment and reuse schemes 
should take under serious consideration. Public and transparent information 
including trusted audits are necessary to gain public acceptance of this application of 
wastewater. Moreover the benefits for wastewater reuse should be clearly stated and 
adequate scientific explanations should be available and easily provided.

In recent years we can see that CVM has been extensively applied to a variety of water-
related issues, including sanitation, water supply, instream and off-stream recreation, 
flow enhancement and health risks. Existing water-related valuation in developing 
countries have concentrated primarily on two areas: water supply and sanitation. In 
many cases, citizens of developing countries are concerned with pollution levels in 
rivers and lakes: had they been aware of the link between lack of domestic wastewater 
treatment and increased river pollution, their WTP for sanitation would most likely 
have been higher. Despite having a limited number of studies relating to the 
characterization of residential demands for sewage treatment, sole indirect evidence 
can be observed from studies of residential demands for potable water. Several studies 
like that of Whittington et al(1993) and Altaf and Hughes(1994) focussed on 
improved sanitation services in the low-income countries. They conducted CVM 
study to determinate households’ WTP for improved services in Ghana and Burkina 
Faso respectively. In both the areas the WTP for improvements to sanitation services is 
in the same order of magnitude as households’ WTP for water service. The estimated 
households’ values for improved sanitation services can be used to assess the financial 
viability of alternative infrastructural projects.

There are also several studies relating to river water pollution as a result of inflow of 
wastewater. Day and Mourato(2002) estimated the value of improved river water 
quality of two rivers in Beijing. A CV survey was conducted to judge how different 
factors like income, frequency of use of the river influence households’ WTP. The 
residents ranked environmental problems as their first concern rather than water 
quality. Around 20% of the sample expressed a zero WTP for preservation of river 
water quality. Average WTP per household per year was 186 Yan(US$ 22). 
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Markandya and Murty(2004)attempt to estimate the social benefits of cleaning the 

Ganges river, India. Both market and non-market valuation techniques are taken into 

account. The benefits estimated include the user and non-user benefits, health 

benefits to the poor households living along the river, and agricultural benefits to 

farmers. A number of different mechanisms are considered to raise the resources for 

sustaining the cleaning of Ganges. They are the polluter-pays principle, a users-pays 

principle(with government involvement), a users-pays principle(without government 

involvement) and funding from the general tax system. The user and non-user 

benefits of cleaning the Ganges were estimated using the CV survey. The health 

benefits were estimated using the cost-of-illness approach, dose response function and 

the health production function. The total number of users in 6 study areas( Haridwar, 

Kanpur, Patna, Chandannagar, Nabadwip, Titagarh) is 473,550 and the total benefits 

estimated was Rs 34.84 million. Hence the average annual benefit of improvement to 

water quality based on reductions in working days lost through sickness was calculated 

as Rs 73.57 million users. Table 2.5 shows some of the CV studies relating wastewater 

in developing countries.

Birol and Das(2010) employ the choice experiment method, to estimate local public’s 

willingness to pay (WTP) for improvements in the capacity and technology of a 

sewage treatment plant (STP) in Chandernagore municipality, located on the banks of 

the River Ganga in India. A pilot choice experiment study is administered to 150 

randomly selected Chandernagore residents and the data are analysed using the 

conditional logit model with interactions. The results reveal that residents of this 

municipality are WTP significant amounts in terms of higher monthly municipality 

taxes to ensure the full capacity of the STP is used for primary treatment and the 

technology is upgraded to enable secondary treatment. 

In addition to the practical steps of treating wastewater by the construction of suitable 

treatment plants, there is a need to regulate the discharge of effluents and to control 

Policy implications and Conclusions

activities which may take place within a water catchment area. Appropriate 

enforcement mechanisms are a prerequisite to successful pollution control. It is 

important to stress that there are a large number of alternative approaches to pollution 

control through regulation and it is for policy makers to examine the facts in any 

particular situation and to decide which is likely to be the most successful method. 

Finding the right mix of policy instruments can help to ensure effective water pollution 

control. In developing countries, cost-effectiveness and administrative capacity are 

the two most important criteria for selecting them. In every country, however, water 

pricing policies that may be encouraging over-use and water degradation should be 

considered first. Although the experience in applying other economic instruments 

remains limited, there is evidence that effluent and user charges have the most 

potential for effective application by helping to pay for environmental improvement. 

Nonetheless, they are not sufficient for achieving water quality objectives. They 

should be accompanied by investment in wastewater treatment facilities and, locally, 

by appropriate regulatory instruments as well as programmes to persuade water users 

to change their polluting behaviour.

For developing countries there is a need to examine their capability to deliver the end 

result without over-stretching their resources. A balanced view must be taken as to the 

standards which should be set as targets. Finance must be made available to enable 

industries, municipalities, and others to meet the targets. This is best achieved by 

allowing full participation in the decision-making process by those likely to be affected 

by the standards imposed, by adopting a multi-faceted approach to the use of the 

various instruments and by adopting an appropriately phased programme, matching 

the availability of finance and resources to standards introduced over a number of 

years.
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An Introduction to Water Footprint
The concept of the water footprint has been developed to create an indicator of water 
use in relation to the consumption by people. The water footprint of a country is 
defined as the volume of water needed for the production of the goods and services 
consumed by the inhabitants of the country. The two components of it are: internal 
(inside the country) water footprint and external (in other countries) water footprint. 

The water footprint of national consumption = water footprint within the nation + 
virtual water import – virtual water export. 

The major determinants of the water footprint of national consumption are:

1. Consumption characteristics

- Consumption volume

- Consumption pattern

2. Production circumstances
- Climate: evaporative demand at place of production
- Agricultural practice: water use efficiency

The water footprint of a product is the volume of fresh water used to produce the 
product, summed over the various steps of the production chain. The water footprint 
of a product is divided into a blue, a green and a gray component. The green 
component of products water footprint is the volume of rainwater evaporated or 
incorporated into product. The blue component of a products water footprint is the 
volume of surface or groundwater evaporated, incorporated into product or returned 
to other catchment or the sea. The gray component refers to the water required to 
dilute the water pollution that is caused by the production of the commodity to 
acceptable levels.

Components of a water footprint
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The components of calculating the water footprint of a business are:

Operational water footprint: the direct water use by the producer – for producing, 
manufacturing or for supporting activities. 

Supply-chain water footprint: the indirect water use in the producer’s supply chain.

The steps to be focused while calculating the water footprint of a business are:

- From operations to supply-chain thinking.

- Shifting focus from water withdrawals to consumptive water use.

- From securing the ‘right to abstract & emit’ to assessing the full range of economic, 
social and environmental impacts of water use in space and time.

- From meeting emission standards to managing grey water footprint.

Water footprint of a consumer

Water footprint of a retailer

Water footprint of a food processor

Water use in relation to the consumption of agricultural goods in India

Agriculture is the main consumer of water, the implied increase in food demand will 

increase the pressure on the renewable water resources. Water footprint of the 
3inhabitants of the Indian states varied between 451 and 1357 m /cap/yr with an 

3 3average of 777 m /cap/yr. Of this average, 658 m /cap/yr originated from local water 
3resources and 119 m /cap/yr from water resources of other states or other nations. 

Furthermore, the blue component of the average water footprint came to 227 
3 3m /cap/yr, the green component to 459 m /cap/yr and the gray component to 92 
3m /cap/yr. 

The total virtual water flow as a result of interstate trade in agricultural commodities 
3in India was 106 billion m /yr, which was 13% of the total water use in Indian 

agriculture. In the same period, the net international export from India was 15 billion 
3m /yr. Of the total virtual water flow within India, 35% was due to the interstate trade 

in milled rice, 17% due the interstate trade in raw sugar and 14% due to the interstate 
3trade in edible oils. The largest interregional net virtual water flow was 22 billion m/yr 

and flowed from North India to East India. As a result of international and interstate 

virtual water flows, the states Haryana, Madhya Pradesh, Punjab and Uttar Pradesh 

had the largest net export of virtual water and Bihar, Jharkhand and Kerala had the 

largest net import of virtual water. 
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The water scarcity from the perspective of consumption is the highest in the states of 

Rajasthan, Punjab, Uttar Pradesh, Tamil Nadu and Haryana. This means that the 

water resources of these states are closest to be exhausted in case of food self 

sufficiency. Because most of the states are also net exporters of virtual water, the water 

scarcity from production perspective is even higher in these states.

The total net global water saving as a result of the interstate trade in agricultural 
3commodities in India was 41 billion m /yr. This means the total water use in Indian 

agriculture was 5% lower than it would have been without interstate trade. The 
3interstate trade in wheat alone already caused global water saving of 23 billion m /yr.
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Apple or pear 1 kg 700

Banana 1 kg 860

Beef 1 kg 15,500

Bread (from wheat) 1 kg 1,300

Cabbage 1 kg 200

Cheese 1 kg 5,000

Chicken 1 kg 3,900

Chocolate 1 kg 24,000

Coffee 1 cup of 125 ml 140

Cucumber or pumpkin 1 kg 240

Dates 1 kg 3,000

Groundnuts (in shell) 1 kg 3,100

Lettuce 1 kg 130

Maize 1 kg 900

Mango 1 kg 1,600

Milk 1 glass of 250 ml 250

Olives 1 kg 4,400

Orange 1 kg 460

Peach or nectarine 1 kg 1,200

Pork 1 kg 4,800

Potato 1 kg 250

Rice 1 kg 3,400

Sugar (from sugar cane) 1 kg 1,500

Tea 1 cup of 250 ml 30

Tomato 1 kg 180

The water footprint of different food items
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WP-56, December. 

Kavi Kumar, K.S. “Climate Sensitivity of Indian Agriculture: Do Spatial Effects Matter?”, 
Cambridge Journal of Regions, Economy and Society (forthcoming).

Kavi Kumar, K.S. and Brinda Viswanathan (2010):”Household Level Pollution in India: 
Patterns and Projections”, paper presented at SANDEE@10: Environment and 
Development in South Asia, Kathmandu, 6-7, December. Revised version of the paper 
presented at the MIDS-ICSSR National Seminar on ‘Indian Economy in Transition: Prospects, 
Issues and Concerns, Chennai, 10-11 February 2011.

Zareena Begum I (2010), “Environmental Pollution and Public Health: The Socio-
Economic Analysis of the Global Drivers of Change” research paper accepted for oral 
presentation in the International Conference on “Recent Advances in Space Technology 
services and Climate Change-2010” held from November 13-15, 2010 in Sathyabama 
University organized by Sathyabama University in association with Indian Space Research 
Organisation (ISRO), Department of Space, Government of India, Bangalore & IEEE.

Zareena Begum I and Vijendran, (2010), “Status and causes for the change in the 
concentration of natural marine wealth – Coral Reefs” titled research paper accepted for 
oral presentation in the International Conference on Global Environment and its 
Sustainability: Implications and Strategies held on November 7, 2010 in Vivekananda 
College, Chennai organized by Indian Society for Education and Environment in 
association with Vivekananda College, Chennai & Presidency College, Chennai. 

Zareena Begum I and Vaishnavi S, (2010), “Safer building practices to deal with 
earthquakes: Challenges and Lessons learned from the South Asian countries” titled 
research paper accepted for oral presentation in the International Conference on Global 
Environment and its Sustainability: Implications and Strategies held on November 7, 2010 
in Vivekananda College, Chennai organized by Indian Society for Education and 
Environment in association with Vivekananda College, Chennai & Presidency College, 
Chennai

Zareena Begum I (2011), “Environmental Pollution and Public Health: The Socio-
Economic Analysis of the Global Drivers of Change”, Print ISBN: 978-1-4244-9184-1, 
DOI: 10.1109/RSTSCC.2010.5712791, IEEE Xplore, pp: 19-24, Feb 14, 2011

Zareena Begum I and Vaishnavi S, (2011), “Safer building practices to deal with 
earthquakes: Challenges and Lessons learned from the South Asian countries” Indian J. Sci. 
Technol. Vol. 4, Issue 3, pp: 219-225.

Zareena Begum I and Vijendran, (2011), “Status and causes for the change in the 
concentration of natural marine wealth – Coral Reefs” Indian J. Sci. Technol. Vol. 4, Issue 3, 
pp: 351-358.

 Birol E, Das S (2010): ‘Estimating the value of improved wastewater treatment: The case of 
River Ganga, India’, Journal of Environmental Management, Elsevier vol 91, pp 2163- 
2171. 

 Birol E, Das S (Dec 2010): Valuing the environment in developing countries: Modeling the 
impact of distrust in public authorities’ ability to deliver on the citizens’ willingness to pay for 
improved environmental quality, IFPRI Discussion paper 01043 and MSE working paper 
series No 35(Nov 2010)

 Birol E, Das S (2010): “The Value of Improved Public Services: An application of the Choice 
Experiment Method to Estimate the Value of Improved Wastewater Treatment Infrastructure in 
India” MSE working paper series No 32.

 Birol E, Das S (2010): Valuing the environment in developing countries: Modeling the impact of 
distrust in public authorities’ ability to deliver on the citizens’ willingness to pay for improved 
environmental quality, accepted for the Workshop on Cooperation on the Ganges: Barriers, 
Myths and Opportunities 13 November 2010, Singapore.

 Birol E, Das S (2010): Valuing the environment in developing countries: Modeling the impact of 
distrust in public authorities’ ability to deliver on the citizens’ willingness to pay for improved 
environmental quality, accepted for 20th Annual Conference on Contemporary Issues in 

th stDevelopment Economics at Jadavpur University, 20 -21  Dec, 2010 and International 
Conference on the Status and Future of the World‘s Large Rivers April 11 – 14, 2011, 
Vienna, Austria

Das S(2010): ‘GATS, Technology transfer and it impact on wastewater treatment options in 
India: An Overview’ Programme on trade and environment, Seminar organized by Ministry 
of Environment and Forests, Government of India and Madras School of Economics, 
Chennai October 26-27, 2010

Sindhu M and Das S(2010): GATS and Environmental Services in India, Programme on 
trade and environment, Seminar organized by Ministry of Environment and Forests, 
Government of India and Madras School of Economics, Chennai October 26-27, 2010

Publication & Presentation



Publication & Presentation

REPORTS/WORKING PAPERS/ DISSEMINATION PAPERS FROM THE COE AND MSE

"India’s Low Carbon Inclusive 
Growth Strategy", 
MSE Working Paper 56
U. Sankar (December 2010)

"Valuing the Environment in Developing 
Countries: Modeling the Impact of Distrust in 

Public Authorities’ Ability to Deliver on the 
Citizens’ Willingness to Pay for Improved 

Environmental Quality", 
MSE Working Paper 55,

Ekin Birol and Sukanya Das (November 2010)

"Climate Variability and Agricultural 
Productivity: Case Study of 
Rice Yields in Northern India", 
MSE Working Paper 54
Ishwarya Balasubramanian and 
K.S. Kavi Kumar (November 2010)

"Coping with Pollution: 
Eco-taxes in a GST Regime 
A Discussion Paper",
Report Submitted to MOEF
November 2010
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"Economic Instruments for Environmental Management: 
International Best Practices and Applicability to India"

MSE Monograph 10/2010,
D.K. Srivastava, K.S. Ravi Kumar

and C. Bhujanga Rao
(December 2010)

"Trade and Environment: 
India’s Exports of Textile and Textile Products 

and Environmental Requirements",
Draft Report Submitted to MOEF, Jan 2011

“Carbon Trading” – 
CoE Dissemination Paper – 16,  
K.S. Kavi Kumar

”Cost Benefit Analysis and Environment” 
– CoE Dissemination Paper – 15,  

K.S. Kavi Kumar

“Sustainable Development” 
– CoE Dissemination Paper – 14,
K.S. Kavi Kumar



For Your Agenda

FORTHCOMING CONFERENCES ON WATER POLLUTION

 “International Summit on Water in Developing Countries”, 
15 April 2011, Washington, dc, Washington, dc, United States
http://www.watersummit.org

ACE11 The World’s Water Event, 
12 to 16 June 2011, 
Washington, D.C., United States 
http://www.awwa.org/ACE11/index.cfm

Sustaining the Blue Planet: 
Global Water Education Conference, 
13 to 16 September 2011, Bozeman, 
MT, United States Deadline for abstracts/proposals: 31 March 2011 
https://origin.library.constantcontact.com/doc206/1102241213309/doc/03f3CWjzH6aJjfdi.pdf

“World Environmental and 
Water Resources Congress”, 
22 to 26 May 2011, Palm Springs, California, 
United States 
http://content.asce.org/conferences/ewri2011/index.html

th6  International Conference on 
Sustainable Water Resources Management 2011,
 23 to 25 May 2011 
Riverside, California, United States 
http://www.wessex.ac.uk/11-conferences/waterresourcesmanagement-2011.html

Management of Water in a 
Changing World: Lessons 
Learnt and Innovative Perspectives, 
12 to 13 October 2011, Dresden, Germany 
Deadline for abstracts/proposals: 28 February 2011 
http://www.bmbf.iwrm2011.de
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Groundwater: Our Source of Security in an Uncertain Future,19 to 21 September 
2011 ,Pretoria, Gauteng, South Africa 
Deadline for abstracts/proposals: 30 November 2010 
http://www.pdfdownload.org/pdf2html/view_online.php?url=http%3A%2F%2Fwww.gwd.org.za%2Fsites
%2Fdefault%2Ffiles%2FCall%252
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